Summary. Early insulin release after oral glucose is absent in protein-calorie malnutrition (PCM). There is an increase of the insulin-glucose ratio at 10 and 15 min induced by potassium supplementation compared to a similar group receiving an identical diet without supplementary potassium. This suggests that impaired insulin secretion in PCM is in part due to a potassium mediated disturbance of insulin release.
Insulin responses to oral glucose are grossly diminished in the majority of cases of protein-calorie malnutrition (PCM) [1] . This abnormality may in part be due to an intrinsic disturbance of pancreatic insulin release [1] and/or to an abnormal gut betacytotrophic mechanism [2] . Studies of the biphasic release of insulin after oral glucose, and in particular, examination of the early peak which might depend on the integrity of the gut mechanism [3] , have not yet been reported in PCM. It has however been noted that the peak insulin response after the administration of large amounts of intravenous (IV) glucose (reflecting secretion from the acutely releasable pool [4] ) may be diminshed or delayed in some patients [2] .
Potassium appears to have an important role in the acute release of insulin from its storage pool in vitro [5] and in the early insulin response after oral glucose in vivo [6, 7, 8] . Children suffering from PCM are usually potassium depleted [9] and their poor insulin responses to IV glucose are improved by potassium supplementation [10] .
This paper reports a study of the early insulin release after oral glucose in PCM and the possible relationship of this response to potassium deficiency.
Materials and Methods
Ten children suffering from PCM aged 6--27 months were admitted to the Metabolic Unit of the Red Cross Children's Hospital. All were underweight, oedematous and hypoalbuminaemic. Serum albumin levels were 0.88--2.37 g/100 ml. They were treated from admission with antibiotics, vitamins , haematinics and, when necessary, intravenous fluids. Protein was introduced into the diets after the initial tests had been completed on the second hospital day. Patients with overt infection or severe gastroenteritis were excluded but one child (Patient 5) developed severe pneumonia 3 days after admission. Informed written consent was obtained from a parent of each patient.
After an 8 hr overnight fast on the second hospital day, (day 1 being the day of admission), an oral glucose load (2 g/kg as a 20Yo solution) was administered via nasogastric tube over 2 min. Venous blood samples (1 ml) were taken at 0, 5, 10, 15, 30 and 60 min for glucose and insulin estimations. Alternate patients, i.e. 5 of the 10, selected randomly, received oral potassium supplements (12 mEq/kg/day), while the remainder received potassium (3 mEq/kg/day) as part of the conventional management.
The test was repeated on the 5th hospital day in both the supplemented and non-supplemented patients, after which all patients were given potassium supplements for a further week. A final test was done 3--5 weeks from admission when the children had recovered clinically and serum albumin levels had returned to normal.
Micro assays were employed for the estimations of blood glucose by a glucose oxidase method [11] and for plasma insulin by a modification of the Morgan and Lazarow technique [11] . Insulin-glucose ratios were calculated at each point in time before and after glucose. After plotting the absolute insulin values before and after glucose on arithmetic paper, the total insulin area above baseline was calculated by planimetry. The Mann-Whitney U test was used to estimate differences between the groups, and the Wilcoxon test for with group differences.
Results
On admission there was no significant difference (p>0.02) between the two groups with respect to age (18 vs 16 months), serum albumin (1.72 vs 2.08 g/100 ml), insulin area (Table 1) or insulin-glucose ratio (Fig. 1) .
Insulin-glucose ratios during the first 30 min after glucose loading failed to rise in all patients on admission, whereas on recovery, the ratios were substantially elevated at all times in both groups.
On day 5, after 3 days of protein feeding and potasinsulin area between days 2 and 5 was significantly greater in the potassium supplemented group (p< 0.05). After 3--5 weeks of refeeding the responses were greater in the early potassium supplemented group so that their insulin areas were also significantly higher (p<0.05). There is an increase in insulin-glucose ratio on day 5 in the early potassium supplemented group only, achieving statistical significance at 10 and 15 minutes (p < 0.05). Both groups show substantial and highly significant increase (p < 0.005) on discharge) slum 3 mEq/kg/day, no significant increases of the insulin-glucose ratios or the insulin area were found. By contrast, 3 of 5 potassium supplemented (12 mEq/ kg/day) children showed a substantial increase in early (5, 10, 15 min) insulin responses to glucose on day 5, a further patient had a modest increase, while the fifth child showed no improvement, but developed severe pneumonia at the time. Insulin-glucose ratios in the group as a whole were increased at all time intervals after glucose, achieving statistical significance (/?<0.05) at 10 and 15 rain. The increase in 
Discussion
Insulin secretion in response to glucose stimulation normally occurs in 2 phases both in vivo [4, 12] and in vitro [13, 14] . The early phase is thought to represent release from a storage pool in the fi-cells, stimulated after oral glucose both by gut /3-cytotrophic factors and by the metabolism of glucose within the islet cells [4, 12] . This early insulin response appears to be a major factor in producing normal glucose utilization and its absence could be one of many factors causing glucose intolerance. The later phase probably represents slower release from another pool which is constantly replenished by continuing insulin synthesis [12] .
Our previous studies [2] have shown that in all cases of PCM there is an abnormal insulin response to oral glucose, the peak levels either being grossly diminished or delayed and sustained. However sampling of blood between 0 and 30 minutes after oral glucose was not done.
This study shows that whereas the recovered child had an obvious IRI response 5 to 10 min after oral glucose, in no untreated case was there any substantial insulin rise before 30 min. The absence of an early insulin response in these cases suggests either failure of a release mechanism at the level of the gut or ficells, or depletion of the rapidly releasable pool by subnormal synthesis. The improvement after potassium supplementation implies a role for potassium depletion in this abnormality.
From this and previous studies [10, 16] , it appears that the poor insulin secretion in PCM may be rapidly reversible in most cases. Although probably due in part to the introduction of protein feeding, the early insulin responses do not improve during initial therapy unless substantial quantities of potassium are added to the regime. Of interest and possible therapeutic relevance is the observation in this small group of patients, that introduction of potassium supplementation ab initio seems to result in greater insulin recovery in some cases after 3--4 weeks. However the significance of this observation is unclear as the number of patients studied is small, and the rates of recovery of other nutritional parameters were the same in both groups.
